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(57) ABSTRACT 

An electric cable includes a conductor core including con 
ductors each covered with an insulation layer, and a braided 
layer formed on an outer periphery of the conductor core. 
The braided layer includes a braid of a first line group and 
a second line group. The first line group includes first metal 
lines and first fiber lines arranged along a longitudinal 
direction of the conductor core and is spirally wound around 
the outer periphery of the conductor core. The second line 
group includes second metal lines and second fiber lines 
arranged along the longitudinal direction of the conductor 
core and is spirally wound around the outer periphery of the 
conductor core in a direction opposite to the first line group. 

6 Claims, 4 Drawing Sheets 
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ELECTRIC CABLE 

The present application is based on Japanese patent 
application No. 2013-200472 filed on Sep. 26, 2013, the 
entire contents of which are incorporated herein by refer 
CCC. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to an electric cable and, in particu 

lar, to an electric cable used for automobiles etc. 
2. Description of the Related Art 
An electric cable provided with e.g. a conductor core and 

a shield layer formed by braiding metal wires to cover the 
outer periphery of the conductor core is known as an electric 
wire used for automobiles etc. (see JP-A-2006-031954). It is 
possible to improve the electrical shielding properties of the 
electric cable by using the shield layer. Another electric 
cable is also known which is provided with e.g. a conductor 
core and a hybrid braid layer formed by alternately weaving 
metal wires and fibers to cover the outer periphery of the 
conductor core (see JP-A-2006-351322). It is possible to 
improve the tensile strength and flex resistance of the 
electric cable by using the hybrid braid layer. 

SUMMARY OF THE INVENTION 

The electric cable disclosed in JP-A-2006-351322 may be 
better in tensile strength and flex resistance but be poorer in 
shielding properties than the electric cable disclosed in 
JP-A-2006-031954. 

It is an object of the invention to provide an electric cable 
that meets the improved shielding properties as well as the 
excellent tensile strength and flex resistance. 
(1) According to one embodiment of the invention, an 

electric cable comprises: 
a conductor core comprising conductors each covered 

with an insulation layer; and 
a braided layer formed on an outer periphery of the 

conductor core, 
wherein the braided layer comprises a braid of a first line 

group and a second line group, 
wherein the first line group comprises first metal lines and 

first fiber lines arranged along a longitudinal direction of the 
conductor core and is spirally wound around the outer 
periphery of the conductor core, and 

wherein the second line group comprises second metal 
lines and second fiber lines arranged along the longitudinal 
direction of the conductor core and is spirally wound around 
the outer periphery of the conductor core in a direction 
opposite to the first line group. 

In the above embodiment (1) of the invention, the fol 
lowing modifications and changes can be made. 

(i) The first line group further comprises a first line bundle 
group that comprises first metal line bundles and first fiber 
line bundles alternately arranged along the longitudinal 
direction of the conductor core and is spirally wound around 
the outer periphery of the conductor core, the first metal line 
bundle being abundle of a plurality of the aligned first metal 
lines and the first fiber line bundle being a bundle of a 
plurality of the aligned first fiber lines, 

wherein the second line group further comprises a second 
line bundle group that comprises second metal line bundles 
and second fiber line bundles alternately arranged along the 
longitudinal direction of the conductor core and is spirally 
wound around the outer periphery of the conductor core in 
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2 
the direction opposite to the first line bundle group, the 
second metal line bundle being a bundle of a plurality of the 
aligned second metal lines and the second fiber line bundle 
being abundle of a plurality of the aligned second fiber lines, 
and 

wherein the braided layer further comprises a braid of the 
first line bundle group and the second line bundle group. 

(ii) The first line group further comprises a first composite 
line bundle group that comprises a plurality of first com 
posite line bundles arranged along the longitudinal direction 
of the conductor core and is spirally wound around the outer 
periphery of the conductor core, the first composite line 
bundle being a bundle formed by aligning a plurality of the 
first metal lines and a plurality of the first fiber lines, 

wherein the second line group further comprises a second 
composite line bundle group that comprises a plurality of 
second composite line bundles arranged along the longitu 
dinal direction of the conductor core and is spirally wound 
around the outer periphery of the conductor core in the 
direction opposite to the first composite line bundle group, 
the second composite line bundle being a bundle formed by 
aligning a plurality of the second metal lines and a plurality 
of the second fiber lines, and 

wherein the braided layer further comprises a braid of the 
first composite line bundle group and the second composite 
line bundle group. 

(iii) The first fiber lines are arranged at both ends in a 
width direction of the first composite line bundle, and 
wherein the second fiber lines are arranged at both ends in 
a width direction of the second composite line bundle. 

(iv) A diameter of the first fiber lines arranged at the both 
ends in the width direction of the first composite line bundle 
is larger than a diameter of the first metal lines arranged 
widthwise inside the first fiber lines, and wherein a diameter 
of the second fiber lines arranged at the both ends in the 
width direction of the second composite line bundle is larger 
than a diameter of the second metal lines arranged width 
wise inside the second fiber lines. 

(v) The first composite line bundle further comprises a 
plurality of the first metal lines and the first fiber lines are 
interposed therebetween, and wherein the second composite 
line bundle comprises a plurality of the second metal lines 
and the second fiber lines are interposed therebetween. 

Effects of the Invention 

According to one embodiment of the invention, an elec 
tric cable can be provided that meets the improved shielding 
properties as well as the excellent tensile strength and flex 
resistance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Next, the present invention will be explained in more 
detail in conjunction with appended drawings, wherein: 

FIG. 1A is a perspective view showing an electric cable 
in a first embodiment of the present invention: 

FIG. 1B is a partial enlarged view showing a braided layer 
in the electric cable of the first embodiment; 

FIG. 2 is a cross sectional view of the electric cable shown 
in FIGS. 1A and 1B: 

FIG. 3A is a perspective view showing an electric cable 
in a second embodiment of the invention; 

FIG. 3B is a partial enlarged view showing a braided layer 
in the electric cable of the second embodiment; 

FIG. 4A is a perspective view showing a conventional 
electric cable; and 
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FIG. 4B is a partial enlarged view showing a hybrid braid 
layer of the conventional electric cable. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 5 

First Embodiment of the Invention 

The configuration of the electric cable in the first embodi 
ment will be described below in reference to the drawings. 10 
As shown in FIG. 1A, an electric cable 10 in the first 

embodiment is provided with a conductor core 11 and a 
braided layer 13 formed on the outer periphery of the 
conductor core 11. An inclusion 12 is provided between the 
conductor core 11 and the braided layer 13. The inclusion 12 15 
is formed of, e.g., silicon, ETTE (polytetrafluoroethylene) or 
plural staple fiber yarns, etc. The inclusion 12 may be, e.g., 
a filling material in the form of sponge or liquid. Alterna 
tively, the space between the conductor core 11 and the 
braided layer 13 may be a cavity, in other words, the 20 
inclusion 12 may not be provided between the conductor 
core 11 and the braided layer 13. 
The conductor core 11 has conductors each covered with 

an insulation layer. In detail, as shown in the cross section 
of FIG. 2, the conductor core 11 is formed by twisting plural 25 
(two in FIG. 2) power transmission lines 101 and plural (two 
in FIG. 2) signal transmission lines 102. The power trans 
mission line 101 is configured as an insulation-coated wire 
which is provided with a center conductor 101 a formed by 
twisting plural conductor Strands (not shown) together and 30 
an insulation layer 101b formed on the outer periphery of the 
center conductor 101a. The signal transmission line 102 is 
configured as a shielded twisted pair cable which is provided 
with a twisted wire formed by twisting two signal line cores 
102a and a braided shield 102d formed on the outer periph- 35 
ery of the twisted wires. The signal line core 102a is 
composed of a center conductor 102b formed by twisting 
plural conductor Strands (not shown) together and an insu 
lation layer 102c formed on the outer periphery of the center 
conductor 102b. The braided shield 102d is formed by 40 
braiding plural metal wires to cover the outer periphery of 
the twisted wires. The conductor strand constituting the 
center conductors 101a and 102b is formed of, e.g., a 
Sn-containing copper alloy (Sn-0.15 to 0.7 wt % Cu alloy), 
etc. The insulation layers 101b and 102c are formed of, e.g., 45 
cross-linked polyethylene, etc. 

In the first embodiment, the braided layer 13 is formed by 
braiding a first line group 13a and a second line group 13b. 
The first line group 13a is composed of first metal lines 16m 
and first fiber lines 15f arranged in a predetermined order 50 
along the longitudinal direction of the electric cable 10, and 
spirally wound around the outer periphery of the conductor 
core 11. The second line group 13b is composed of second 
metal lines 16m' and second fiber lines 15f arranged in a 
predetermined order along the longitudinal direction of the 55 
electric cable 10, and spirally wound around the outer 
periphery of the conductor core 11 in the direction opposite 
to the first line group 13a. 

In detail, as shown in the partial enlarged view of FIG. 1B, 
the first line group 13a is configured as a first line bundle 60 
group provided with plural first metal line bundles 16a each 
formed in a belt shape by arranging plural (four in the first 
embodiment) first metal lines 16m in parallel and plural first 
fiber line bundles 15a each formed in a belt shape by 
arranging plural (four in the first embodiment) first fiber 65 
lines 15fin parallel. The first metal line bundles 16a and the 
first fiber line bundles 15a are alternately arranged along a 

4 
longitudinal direction of the conductor core 11. The first line 
group 13a is composed of the alternately arranged line 
bundles spirally wound around the outer periphery of the 
conductor core 11. Although the first metal line bundle 16a 
composed of plural first metal lines 16m and the first fiber 
line bundle 15a composed of plural first fiber lines 15fare 
described as an example in the first embodiment, the inven 
tion is not limited thereto. For example, the first metal line 
bundle 16a may be constituted by a single first metal line 
16m or the first fiber line bundle 15a may be constituted by 
a single first fiber line 15f. 

Meanwhile, the second line group 13b is configured as a 
second line bundle group provided with plural second metal 
line bundles 16b each formed in a belt shape by arranging 
plural (four in the first embodiment) second metal lines 16m' 
in parallel and plural second fiber line bundles 15b each 
formed in a belt shape by arranging plural (four in the first 
embodiment) second fiber lines 15f in parallel. The second 
metal line bundles 16b and the second fiber line bundles 15b 
are alternately arranged along the longitudinal direction of 
the conductor core 11. The second line group 13b is com 
posed of the alternately arranged line bundles spirally 
wound around the outer periphery of the conductor core 11 
in the direction opposite to the first line group 13a, i.e., in the 
direction opposite to the first metal line bundles 16a and the 
first fiber line bundles 15a. Although the second metal line 
bundle 16b composed of plural second metal lines 16m' and 
the second fiber line bundle 15b composed of plural second 
fiber lines 15f are described as an example in the first 
embodiment, the invention is not limited thereto. For 
example, the second metal line bundle 16b may be consti 
tuted by a single second metal line 16m' or the second fiber 
line bundle 15b may be constituted by a single second fiber 
line 15f. 
The braided layer 13 is formed by alternately braiding 

(weaving) the line bundles (the first metal line bundles 16a 
and the first fiber line bundles 15a) constituting the first line 
group 13a as, e.g., warps and the line bundles (the second 
metal line bundles 16b and the second fiber line bundles 
15b) constituting the second line group 13b as, e.g., wefts. 

“Alternately braiding mentioned above means that, for 
example, a first metal line bundle 16a (see in a dashed line 
of FIG. 1B) is braided so as to pass under a second fiber line 
bundle 15b, then pass above a second metal line bundle 16b 
adjacent thereto and then pass under another second fiber 
line bundle 15b. 
By configuring as described above, i.e., by braiding the 

plural first metal line bundles 16a and the plural second 
metal line bundles 16b while simultaneously winding in the 
opposite directions to each other around the outer periphery 
of the conductor core 11, it is possible to repeatedly cross the 
plural metal line bundles 16a and 16b at a predetermined 
angle (included angle). This allows shielding performance 
of the braided layer 13, i.e., shielding properties (noise 
resistance) of the electric cable 10 to be improved. One of 
the reasons for this is that the crossed metal line bundles 16a 
and 16b cause, e.g., magnetic flux generated by a current 
flowing through the first metal line bundle 16a and magnetic 
flux generated by a current flowing through the second metal 
line bundle 16b to cancel each other. 

If the crossing angle (included angle) between the first 
metal line bundle 16a and the second metal line bundle 16b 
is too small, i.e., if a relation between the metal line bundles 
16a, 16b and the conductor core 11 is close to parallel, a 
decrease in the shielding performance of the braided layer 
13, i.e., a decrease in the shielding properties of the electric 
cable 10 is likely to occur. It is possible to sufficiently 
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increase the shielding performance of the braided layer 13 
by adjusting the included angle between the first metal line 
bundle 16a and the second metal line bundle 16b to not less 
than 40°. It is possible to further increase the shielding 
performance of the braided layer 13 by adjusting the 
included angle between the first metal line bundle 16a and 
the second metal line bundle 16b to not less than 60°, 
preferably, not less than 80°. 
On the other hand, if the crossing angle (included angle) 

between the first metal line bundle 16a and the second metal 
line bundle 16b is too large, i.e., if the relation between the 
metal line bundles 16a, 16b and the conductor core 11 is 
close to the right angle, a decrease in the speed of forming 
the braided layer 13 by braiding the metal line bundles 16a 
and 16b, i.e., a decrease in productivity of the electric cable 
10 is likely to occur. It is possible to sufficiently increase the 
productivity of the electric cable 10 by adjusting the 
included angle between the first metal line bundle 16a and 
the second metal line bundle 16b to not more than 140°. It 
is possible to further increase the productivity of the electric 
cable 10 by adjusting the included angle between the first 
metal line bundle 16a and the second metal line bundle 16b 
to not more than 120°, preferably, not more than 100°. 

Therefore, the angle (included angle) formed by crossing 
the first metal line bundle 16a and the second metal line 
bundle 16b is from 40° to 140°, preferably from 60° to 120°, 
more preferably from 80° to 100°. 
As the first metal line 16m and the second metal line 16m', 

it is possible to use a solid metal strand or a bundle of metal 
Strands, etc. The metal strand is not specifically limited and 
it is possible to suitably use a wire rod conventionally used 
as a constituent material of a braided shield layer. As the 
metal strand, it is possible to use, e.g., a 

Sn-plated copper wire and a copper alloy wire, etc. The 
cross sectional shape of the metal wire rod is not specifically 
limited and can be a circular shape, an oval shape or a 
rectangular shape etc. 
As the first fiber line 15f and the second fiber line 15f, it 

is possible to use natural fibers such as cotton threads and 
silk threads, or artificial fibers. Especially artificial fibers can 
be suitably used due to less characteristic variation than 
natural fibers. Considering tensile strength, flex resistance 
and resistance to environment, etc., of the electric cable 10, 
it is preferable that the artificial fibers be materials proven 
for brake hose, e.g., polyvinyl alcohol, polyethylene 
terephthalate and polyethylene-2,6-naphthalate etc., and it is 
particularly preferable to use polyvinyl alcohol. The cross 
sectional shape of the fiber material is not specifically 
limited and can be a circular shape, an oval shape or a 
rectangular shape etc. 
As a constituent material of a sheath 14, it is preferable to 

use a material having good resistances to heat, weather, oil 
and water, e.g., materials conventionally used as rubber 
materials for brake hose. A preferable constituent material of 
the sheath 14 is, e.g., a rubber material Such as ethylene 
propylene-diene rubber, styrene-butadiene rubber, butyl rub 
ber, nitrile rubber or chloroprene rubber, and it is particularly 
preferable to use ethylene-propylene-diene rubber. In addi 
tion, these rubber materials may appropriately contain 
agents such as reinforcing agent, filler, plasticizer, softener, 
processing aid, activator, anti-scorching agent and antioxi 
dant as long as the purpose and functions of the sheath 14 are 
not impaired. These rubber materials may further appropri 
ately contain other polymers as long as the purpose and 
functions of the sheath 14 are not impaired. 
The first embodiment achieves one or more effects 

described below. 
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6 
(a) By winding the plural first metal line bundles 16a and 

the plural second metal line bundles 16b in the opposite 
directions to each other around the outer periphery of the 
conductor core 11, it is possible to repeatedly cross the plural 
metal line bundles 16a and 16b on the outer periphery of the 
conductor core 11 at a predetermined angle (included angle). 
As a result, it is possible to improve the shielding properties 
(noise resistance) of the electric cable 10. 

In FIG.4, a configuration of a conventional electric cable 
is shown for reference. An electric cable 50 shown in FIG. 
4 is provided with a hybrid braid layer 53 formed by winding 
plural metal line bundles 56 and plural fiber line bundles 55 
in the opposite directions to each other around the outer 
periphery of the conductor core 11. The electric cable 50 
shown in FIG. 4 has a shield layer (metal braid layer) formed 
by braiding metal wires and has better tensile strength and 
flex resistance but may have poorer shielding properties than 
general electric cables, i.e., electric cables not having a 
reinforcement layer formed by weaving fibers (a fiber 
braided layer). This is because the electric cable 50 shown 
in FIG. 4 is configured that all of the plural metal line 
bundles 56 are wound in the same direction and are thus not 
repeatedly crossed on the outer periphery of the conductor 
core. On the other hand, in the electric cable 10 of the first 
embodiment, the plural metal line bundles 16a and 16b are 
repeatedly crossed on the outer periphery of the conductor 
core 11 and this provides higher shielding properties than the 
electric cable 50 shown in FIG. 4. 

(b) By winding the plural fiber line bundles 15a and 15b 
together with the metal line bundles 16a and 16b around the 
outer periphery of the conductor core 11 so as to be 
integrally woven into the braided layer 13, it is possible to 
obtain the braided layer 13 with excellent tensile strength. 
That is, the electric cable 10 in the first embodiment has 
higher tensile strength than general electric cables not hav 
ing a reinforcement layer (fiber braided layer). Meanwhile, 
when fixing to an automobile, etc., the electric cable 10 is 
fixed by crimping metal fittings onto the outer periphery of 
the electric cable 10, i.e., onto the outer periphery of the 
sheath 14. At this time, the mesh of the braided layer 13 bites 
into the inner periphery of the sheath 14 and this allows a 
force of gripping the electric cable 10 to be improved. In 
addition, since the mesh of the braided layer 13 bites into the 
inner periphery of the sheath 14, elongation of the sheath 14 
alone can be suppressed when the electric cable 10 is pulled. 

(c) The braided layer 13 formed by integrally weaving the 
metal line bundles 16a and 16b and the fiber line bundles 
15a and 15b allows the electric cable 10 to have excellent 
flex resistance. The following is the reason. If a two-layer 
structure composed of a shield layer (metal braid layer) and 
a reinforcement layer (fiber braided layer) which are 
described above is adopted, friction is likely to occur 
between these layers when the electric cable is bent and this 
results in that breaking of especially metal line is likely to 
occur. In contrast, in the first embodiment in which the metal 
line bundles 16a and 16b and the fiber line bundles 15a and 
15b are integrated by weaving together, friction between the 
metal line bundles 16a, 16b and the fiber line bundles 15a, 
15b does not occur and, as a result, breaking of the first metal 
lines 16m and the second metal lines 16m' can be sup 
pressed. 

(d) The braided layer 13 formed by integrally weaving the 
metal line bundles 16a and 16b and the fiber line bundles 
15a and 15b allows the outer diameter of the electric cable 
10 to be reduced and weight reduction to be realized. In 
other words, in the first embodiment, the two-layer structure 
composed of a shield layer (metal braid layer) and a rein 
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forcement layer (fiber braided layer) is not adopted but the 
functions of these two layers (shielding and reinforcement) 
can be simultaneously realized only by the braided layer 13. 
Therefore, it is possible to simplify the structure of the 
electric cable 10 and thus to reduce the outer diameter 
thereof and to realize weight reduction. 

(e) If the electric cable 10 is used for e.g. automobiles or 
industrial robots, the reliability and safety of devices 
installed therein can be greatly improved. For example, an 
electric cable wired under spring for electrically connecting 
a device (power source, inverter, control unit, etc.) arranged 
on an automobile body side and a device (in-wheel motor, 
electric brake, sensors, etc.) arranged on a component below 
a Suspension spring in a hybrid car, etc., is fixed to an 
automobile body and to a movable component such as 
Suspension arm by using plural metal fittings. Therefore, the 
electric cable wired under spring is required to have not only 
shielding properties but also flex resistance to withstand 
repetitive bending as well as tensile strength to withstand 
pulling force. The electric cable 10 in the first embodiment 
can have the improved shielding properties as well as the 
excellent tensile strength and flex resistance so as to be 
Suitably used in Such an environment. 

Second Embodiment of the Invention 

An electric cable 20 in the second embodiment is different 
from the first embodiment only in the configuration of a 
braided layer 23. The remaining configuration is the same as 
the electric cable 10 in the first embodiment. The configu 
ration of the braided layer 23 in the second embodiment will 
be described below in reference to FIGS. 3A and 3B. 

In the second embodiment, the braided layer 23 is formed 
by braiding a first line group 23a and a second line group 
23b. The first line group 23a is composed of plural first 
metal lines 16m and plural first fiber lines 15f arranged in a 
predetermined order along the longitudinal direction of the 
electric cable 20, and spirally wound around the outer 
periphery of the conductor core 11. The second line group 
23b is composed of plural second metal lines 16m' and plural 
second fiber lines 15f arranged in a predetermined order 
along the longitudinal direction of the electric cable 20, and 
spirally wound around the outer periphery of the conductor 
core 11 in the direction opposite to the first line group 23a. 

In detail, as shown in the partial enlarged view of FIG.3B, 
the first line group 23a is configured as a first composite line 
bundle group provided with plural first composite line 
bundles 25a each formed in a belt shape by arranging plural 
first metal lines 16m and plural first fiber lines 15f (by 
alternately arranging three first metal lines 16m and two first 
fiber lines 15f in the second embodiment) in a predetermined 
order. The first line group 23a is composed of the plural first 
composite line bundles 25a aligned along the longitudinal 
direction of the conductor core 11 and spirally wound 
around the outer periphery of the conductor core 11. 
Although the first composite line bundle 25a composed of 
plural first metal lines 16m and plural first fiber lines 15f is 
described as an example in the second embodiment, the 
invention is not limited thereto. For example, the first 
composite line bundle 25a may have only one first metal line 
16m or only one first fiber line 15f. 

Meanwhile, the second line group 23b is configured as a 
second composite line bundle group provided with plural 
second composite line bundles 25b each formed in a belt 
shape by arranging plural second metal lines 16m' and plural 
second fiber lines 15f" (by alternately arranging three second 
metal lines 16m' and two second fiber lines 15f in the second 
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8 
embodiment) in a predetermined order. The second line 
group 23b is composed of the plural second composite line 
bundles 25b aligned along the longitudinal direction of the 
conductor core 11 and spirally wound around the outer 
periphery of the conductor core 11 in the direction opposite 
to the first line group 23a, i.e., in the direction opposite to the 
first composite line bundle 25a. Although the second com 
posite line bundle 25b composed of plural second metal 
lines 16m' and plural second fiber lines 15f" is described as 
an example in the second embodiment, the invention is not 
limited thereto. For example, the second composite line 
bundle 25b may have only one second metal line 16m' or 
only one second fiber line 15f'. 
The braided layer 23 is formed by alternately braiding 

(weaving) the line bundles (the first composite line bundles 
25a) constituting the first line group 23a as, e.g., warps and 
the line bundles (the second composite line bundles 25b) 
constituting the second line group 23b as, e.g., wefts. 
“Alternately braiding mentioned above means that, for 
example, the middle of the three first composite line bundles 
25a shown in FIG. 3B is braided so as to pass above a 
second composite line bundle 25b, then pass under another 
second composite line bundle 25b adjacent thereto, and then 
pass above still another second composite line bundle 25b. 
By configuring as described above, i.e., by braiding the 

plural first composite line bundles 25a and the plural second 
composite line bundles 25b while simultaneously winding in 
the opposite directions to each other around the outer 
periphery of the conductor core 11, it is possible to repeat 
edly cross the plural composite line bundles 25a and 25b, 
i.e., to repeatedly cross the plural first metal lines 16m and 
the plural second metal lines 16m' included in the composite 
line bundles 25a and 25b, at a predetermined angle (included 
angle). This allows shielding performance of the braided 
layer 23, i.e., shielding properties (noise resistance) of the 
electric cable 20 to be improved. One of the reasons for this 
is that the crossed composite line bundles 25a and 25b 
cause, e.g., magnetic flux generated by a current flowing 
through (the first metal line 16m of) the first composite line 
bundle 25a and magnetic flux generated by a current flowing 
through (the second metal line 16m' of) the second compos 
ite line bundle 25b to cancel each other. 

If the crossing angle (included angle) between the first 
composite line bundle 25a and the second composite line 
bundle 25b is too small, a decrease in the shielding prop 
erties of the electric cable 20 is likely to occur for the same 
reason as the first embodiment. It is possible to sufficiently 
increase the shielding properties of the electric cable 20 by 
adjusting the included angle between the composite line 
bundles 25a and 25b to not less than 40° and it is possible 
to further increase the shielding properties of the electric 
cable 20 by adjusting the included angle between the com 
posite line bundles 25a and 25b to not less than 60°. 
preferably, not less than 80°. 
On the other hand, if the crossing angle (included angle) 

between the first composite line bundle 25a and the second 
composite line bundle 25b is too large, a decrease in 
productivity of the electric cable 20 is likely to occur for the 
same reason as the first embodiment. It is possible to 
sufficiently increase the productivity of the electric cable 20 
by adjusting the included angle between the composite line 
bundles 25a and 25b to not more than 140°. It is possible to 
further increase the productivity of the electric cable 20 by 
adjusting the included angle between the composite line 
bundles 25a and 25b to not more than 120°, preferably, not 
more than 100°. 
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Therefore, the angle (included angle) formed by crossing 
the first composite line bundle 25a and the second composite 
line bundle 25b is from 40° to 140°, preferably from 60° to 
120°, more preferably from 80° to 100°. 
The number, diameter and sequence, etc., of the first metal 5 

lines 16m, the second metal lines 16m', the first fiber lines 
15f and the second fiber lines 15f constituting the first 
composite line bundle 25a and the second composite line 
bundle 25b can be appropriately determined based on the 
specification required for the electric cable 20. For example, 
when the number of the first metal lines 16m and that of the 
second metal lines 16m' are increased respectively with 
respect to the number of the first fiber lines 15f and that of 
the second fiber lines 15f in the composite line bundles 25a 
and 25b, it is possible to reduce impedance of the braided 15 
layer 23 and thus to improve the shielding performance, i.e., 
the shielding properties of the electric cable 20. On the other 
hand, when the number of the first fiber lines 15f and that of 
the second fiber lines 15f are increased respectively with 
respect to the number of the first metal lines 16m and that of 20 
the second metal lines 16m' in the composite line bundles 
25a and 25b, it is possible to improve tensile strength of the 
braided layer 23, i.e., tensile strength of the electric cable 20. 

In this regard, it is preferable that the first fiber lines 15f. 
not the first metal lines 16m, be arranged at both ends in a 25 
width direction of the first composite line bundle 25a. In the 
same way, it is preferable that the second fiber lines 15f, not 
the second metal lines 16m', be arranged at both ends in a 
width direction of the second composite line bundle 25b. In 
addition, in this case, a diameter of the first fiber lines 15f 30 
arranged at the both ends in the width direction of the first 
composite line bundle 25a is preferably larger than a diam 
eter of the first metal lines 16m arranged widthwise inside 
the first fiber lines 15f. In the same way, a diameter of the 
second fiber lines 15f arranged at the both ends in the width 
direction of the second composite line bundle 25b is pref 
erably larger than a diameter of the second metal lines 16m' 
arranged widthwise inside the second fiber lines 15f. Here, 
“the width direction of the composite line bundles 25a and 
25b means a direction in which the lines (the first metal lines 
16m, the second metal lines 16m', the first fiber lines 15f and 
the second fiber lines 15f) constituting the composite line 
bundles 25a and 25b are aligned in parallel and also a 
direction orthogonal to a longitudinal direction of the com 
posite line bundles 25a and 25b. 

In addition, when the first composite line bundle 25a 
includes plural first metal lines 16m, it is preferable that the 
first fiber line 15f be interposed each between the plural first 
metal lines 16m. In the same way, when the second com 
posite line bundle 25b includes plural second metal lines 
16m', it is preferable that the second fiber line 15ft be 
interposed each between the plural second metal lines 16m'. 
In other words, all the first metal lines 16m constituting the 
first composite line bundle 25a are sandwiched from both 
sides in the width direction of the composite line bundle 25a 
by the first fiber lines 15f. In the same way, all the second 
metal lines 16m' constituting the second composite line 
bundle 25b are sandwiched from both sides in the width 
direction of the composite line bundle 25b by the second 
fiber lines 15f. 
The second embodiment achieves one or more effects 

described below. 
(a) By winding the plural composite line bundles 25a and 

the plural composite line bundles 25b in the opposite direc 
tions to each other around the outer periphery of the con 
ductor core 11, it is possible to repeatedly cross the plural 
composite line bundles 25a and 25b on the outer periphery 
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10 
of the conductor core 11 at a predetermined angle (included 
angle). As a result, it is possible to improve the shielding 
properties (noise resistance) of the electric cable 20. In other 
words, in the electric cable 20 of the second embodiment, 
the plural first metal lines 16m and the plural second metal 
lines 16m' are repeatedly crossed on the outer periphery of 
the conductor core 11 and this provides higher shielding 
properties than the electric cable 50 shown in FIG. 4. 

(b) Since the braided layer 23 is formed by braiding the 
composite line bundles 25a and 25b, i.e., since the first metal 
lines 16m, the second metal lines 16m', the first fiber lines 
15f and the second fiber lines 15fare integrally woven in the 
braided layer 23, it is possible to impart excellent tensile 
strength to the braided layer 23. That is, the electric cable 20 
in the second embodiment has higher tensile strength than 
general electric cables not having a reinforcement layer 
(fiber braided layer). In addition, when fixing the electric 
cable 20 to an automobile, etc., by crimping the outer 
periphery of the sheath 14, the mesh of the braided layer 23 
bites into the inner periphery of the sheath 14 and this allows 
a force of gripping the electric cable 20 to be improved. In 
addition, since the mesh of the braided layer 23 bites into the 
inner periphery of the sheath 14, elongation of the sheath 14 
alone can be suppressed when the electric cable 20 is pulled. 

(c) The braided layer 23 formed by braiding the composite 
line bundles 25a and 25b, i.e., the braided layer 23 formed 
by integrally weaving the first metal lines 16m, the second 
metal lines 16m', the first fiber lines 15f and the second fiber 
lines 15f allows flex resistance of the electric cable 20 to be 
improved. That is, in the second embodiment, it is easy to 
avoid friction between the first metal lines 16m, the second 
metal lines 16m', the first fiber lines 15f and the second fiber 
lines 15f as compared to the case where the two-layer 
structure composed of a shield layer (metal braid layer) and 
a reinforcement layer (fiber braided layer) is adopted, which 
results in that breaking of the first metal lines 16m and the 
second metal lines 16m' can be Suppressed. 

Especially since the first fiber lines 15f and the second 
fiber lines 15f, not the first metal lines 16m and the second 
metal lines 16m', are arranged at the both ends in the width 
direction of the composite line bundles 25a and 25b, it is 
possible to obtain the electric cable 20 with excellent flex 
resistance. In general, friction is likely to occur between the 
both widthwise ends of the first composite line bundle 25a 
and the main Surface of the second composite line bundle 
25b crossing therewith when the electric cable 20 is bent. 
Likewise, friction is likely to occur also between the both 
widthwise ends of the second composite line bundle 25b and 
the main surface of the first composite line bundle 25a 
crossing therewith. Therefore, if the first metal lines 16m and 
the second metal lines 16m' are arranged at the both ends in 
the width direction of the composite line bundles 25a and 
25b, the first metal lines 16m and the second metal lines 
16m' arranged at the both ends in the width direction are 
likely to be broken due to friction. In contrast, when the first 
fiber lines 15f and the second fiber lines 15f are arranged at 
the both ends in the width direction of the composite line 
bundles 25a and 25b, the first metal lines 16m and the 
second metal lines 16m' arranged widthwise inside the first 
fiber lines 15f and the second fiber lines 15f are protected 
respectively by the first fiber lines 15f and the second fiber 
lines 15f and, as a result, breaking of the first metal lines 
16m and the second metal lines 16m' due to friction can be 
further Suppressed. 

In addition, since the diameter of the first fiber lines 15f 
and the second fiber lines 15f arranged at the both ends in 
the width direction of the composite line bundles 25a and 
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25b is larger than the diameter of the first metal lines 16m 
and the second metal lines 16m' arranged widthwise inside 
such first fiber lines 15f and second fiber lines 15f, it is 
possible to further improve flex resistance of the electric 
cable 20. In other words, by configuring the first fiber lines 
15f and the second fiber lines 15f arranged at the both ends 
in the width direction to have a diameter as described above, 
the first metal lines 16m and the second metal lines 16m' 
arranged widthwise inside such first fiber lines 15f and 
second fiber lines 15fare reliably protected by the first fiber 
lines 15f and the second fiber lines 15f. As a result, breaking 
of the first metal lines 16m and the second metal lines 16m' 
due to friction can be suppressed more reliably. If a material 
with good slipping properties, e.g., Teflon (trademark), etc., 
is used to form the first fiber lines 15f and the second fiber 
lines 15f arranged at the both ends in the width direction of 
the composite line bundles 25a and 25b, breaking of wires 
due to friction can be suppressed further reliably and it is 
thus possible to further improve flex resistance of the 
electric cable 20. 

In addition, when the composite line bundles 25a and 25b 
respectively include the plural first metal lines 16m and the 
plural second metal lines 16m', it is possible to further 
improve flex resistance of the electric cable 20 by interpos 
ing the first fiber lines 15f and the second fiber lines 15f 
respectively between the plural first metal lines 16m and 
between the plural second metal lines 16m'. In other words, 
by Sandwiching each metal line 16m and each second metal 
line 16m' from both sides respectively by the first fiber lines 
15f and the second fiber lines 15f, the first fiber lines 15f and 
the second fiber lines 15f act as a buffer (cushioning 
material) to reduce pressure applied to the first metal lines 
16m and the second metal lines 16m' when the electric cable 
20 is bent. As a result, breaking of the first metal lines 16m 
and the second metal lines 16m' due to friction can be 
Suppressed. 

(d) The braided layer 23 formed by braiding the compos 
ite line bundles 25a and 25b, i.e., the braided layer 23 
formed by integrally weaving the first metal lines 16m, the 
second metal lines 16m', the first fiber lines 15f and the 
second fiber lines 15f, allows the outer diameter of the 
electric cable 20 to be reduced and weight reduction to be 
realized. In other words, in the second embodiment, since 
the functions of the two layers (shielding and reinforcement) 
can be simultaneously realized only by the braided layer 23, 
it is possible to simplify the structure of the electric cable 20 
and thus to reduce the outer diameter thereof and to realize 
weight reduction. 

(e) The electric cable 20 in the second embodiment has 
the improved shielding properties while being excellent in 
tensile strength and flex resistance, and thus can be suitably 
used as, e.g., an electric cable for automobile and industrial 
robot in the same manner as the electric cable 10 in the first 
embodiment. Especially when the electric cable 20 in the 
second embodiment is used as an electric cable which is 
wired under spring and is thus required to have all of 
shielding properties, flex resistance and tensile strength, it is 
possible to greatly improve reliability and safety of hybrid 
Car, etc. 

Other Embodiments of the Invention 

Although the embodiments of the invention have been 
specifically described, the invention is not intended to be 
limited to the embodiments, and the various kinds of change 
can be made without departing from the gist thereof. 
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12 
Although the example in which the first fiber lines 15f and 

the second fiber lines 15f are arrange at the both ends in the 
width direction of the composite line bundles 25a and 25b 
has been described in the embodiment, the invention is not 
limited thereto. For example, only one of the composite line 
bundles 25a and 25b may be configured as such. It is 
possible to improve flex resistance of the electric cable 20 
also in this case. However, it is more preferable that both of 
the composite line bundles 25a and 25b, not only one of 
them, be configured as described above since it is easy to 
improve the flex resistance of the electric cable 20. 

In addition, although the example in which the diameter 
of the first fiber lines 15f and the second fiber lines 15f 
arranged at the both ends in the width direction of the 
composite line bundles 25a and 25b is larger than the 
diameter of the first metal lines 16m and the second metal 
lines 16m' arranged widthwise inside such first fiber lines 15f 
and second fiber lines 15f has been described in the embodi 
ment, the invention is not limited thereto. For example, even 
when only one of the composite line bundles 25a and 25b is 
configured as such, it is possible to improve flex resistance 
of the electric cable 20. However, it is more preferable that 
both of the composite line bundles 25a and 25b, not only one 
of them, be configured as described above since it is easy to 
improve since the flex resistance of the electric cable 20. 

In addition, although the composite line bundles 25a and 
25b which respectively include the plural first metal lines 
16m and the plural second metal lines 16m' so that the first 
fiber lines 15f and the second fiber lines 15f are interposed 
respectively between the plural first metal lines 16m and 
between the plural second metal lines 16m' have been 
described as an example in the embodiment, the invention is 
not limited thereto. For example, even when only one of the 
composite line bundles 25a and 25b is configured as such, 
it is possible to improve flex resistance of the electric cable 
20. However, it is more preferable that both of the composite 
line bundles 25a and 25b, not only one of them, be config 
ured as described above since it is easy to improve the flex 
resistance of the electric cable 20. 

In addition, although the example in which the conductor 
core 11 is formed by twisting two power transmission lines 
101 and two signal transmission lines 102 has been 
described in the embodiments, the invention is not limited 
thereto. The number of the power transmission lines 101 and 
that of the signal transmission lines 102 may be one, or three 
or more. Alternatively, the power transmission line(s) 101 
and the signal transmission line(s) 102 may not be twisted. 
In addition, the power transmission line 101 is not limited to 
a single insulation-coated wire and may be, e.g., a litz wire 
obtained by twisting plural insulation-coated wires together. 
Similarly, the signal transmission line 102 is not limited to 
a shielded twisted pair cable and may be an unshielded 
twisted pair cable or a coaxial cable. In addition, Such 
several types of power transmission lines and signal trans 
mission lines may be combined, and electric wires other than 
power transmission lines and signal transmission lines may 
be included. 
What is claimed is: 
1. An electric cable, comprising: 
a conductor core comprising conductors each covered 

with an insulation layer, and 
a braided layer formed on an outer periphery of the 

conductor core, 
wherein the braided layer comprises a braid of a first line 

group and a second line group, 
wherein the first line group comprises first metal lines and 

first fiber lines arranged along a longitudinal direction 
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of the conductor core and is spirally wound around the 
outer periphery of the conductor core, and 

wherein the second line group comprises second metal 
lines and second fiber lines arranged along the longi 
tudinal direction of the conductor core and is spirally 
wound around the outer periphery of the conductor core 
in a direction opposite to the first line group, 

wherein the first line group further comprises a first 
composite line bundle comprising a plurality of first 
composite line bundles arranged along the longitudinal 
direction of the conductor core and is spirally wound 
around the outer periphery of the conductor core, the 
first composite line bundle being a bundle formed by 
aligning a plurality of the first metal lines and a 
plurality of the first fiber lines, 

wherein the second line group further comprises a second 
composite line bundle that comprises a plurality of 
Second composite line bundles arranged along the 
longitudinal direction of the conductor core and is 
spirally wound around the outer periphery of the con 
ductor core in the direction opposite to the first com 
posite line bundle, the second composite line bundle 
being a bundle formed by aligning a plurality of the 
second metal lines and a plurality of the second fiber 
lines, 

wherein the plurality of the first metal lines and the 
plurality of the first fiber lines are arranged in parallel 
in a width direction of the first composite line bundle, 
and 
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wherein the plurality of the second metal lines and the 

plurality of the second fiber lines are arranged in 
parallel in a width direction of the second composite 
line bundle. 

2. The electric cable according to claim 1, wherein a 
diameter of the first fiber lines arranged at the both ends in 
the width direction of the first composite line bundle is larger 
than a diameter of the first metal lines arranged widthwise 
inside the first fiber lines, and wherein a diameter of the 
second fiber lines arranged at the both ends in the width 
direction of the second composite line bundle is larger than 
a diameter of the second metal lines arranged widthwise 
inside the second fiber lines. 

3. The electric cable according to claim 1, wherein the 
first composite line bundle further comprises a plurality of 
the first metal lines and the first fiber lines are interposed 
therebetween, and wherein the second composite line bundle 
comprises a plurality of the second metal lines and the 
second fiber lines are interposed therebetween. 

4. The electric cable according to claim 1, wherein an 
angle formed between the first metal lines and the second 
metal lines is between 40° and 140°. 

5. The electric cable according to claim 4, wherein an 
angle formed between the first metal lines and the second 
metal lines is between 60° and 120°. 

6. The electric cable according to claim 5, wherein an 
angle formed between the first metal lines and the second 
metal lines is between 80° and 100°. 
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